Introduction {#sec0005}
============

In March 2020, the World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-19) outbreak a pandemic. COVID-19 is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a betacoronavirus.\[[@bib0005]\] Pneumonia represents the most frequent and recognizable complication of SARS-CoV-2 infection, however a growing number of other serious manifestations is being identified worldwide, particularly in the setting of an exuberant inflammatory response. \[[@bib0010]\] Although small elevations of creatine kinase (CK) are commonly found in COVID-19 patients, massive rhabdomyolysis is a potentially life-threatening entity which may, if not promptly identified, lead to excess morbidity and mortality. \[[@bib0015],[@bib0020]\]

Here we present the first case of massive SARS-CoV-2-induced rhabdomyolysis with complete resolution after corticosteroid treatment, hoping to raise awareness for this syndrome and to provide clinicians with a viable treatment option.

Case description {#sec0010}
================

We describe the case of a 46-year old woman who was diagnosed with locally invasive breast cancer in September, 2019. The patient had no other known diseases or usual medication and was currently being treated with neoadjuvant chemotherapy, having received the 6^th^ cycle of paclitaxel on April 3^rd^, 2020.

According to local guidelines following the outbreak of the coronavirus pandemic (SARS-CoV-2), she was subjected to a SARS-CoV-2 polymerase chain reaction (PCR) screening test (nasopharyngeal swab) prior to the following chemotherapy administration and had tested positive. She was asymptomatic and reported no recent history of fever, cough, dyspnea or gastrointestinal manifestations. She was admitted to an isolation ward in the Santa Maria University Hospital in Lisbon, Portugal, due to absence of isolation conditions at home.

Medical examination and blood tests at admittance were unremarkable ([Table 1](#tbl0005){ref-type="table"} ). During the first 15 days of hospital stay, the patient complained of occasional nausea and diffuse myalgia; however, beginning on May 2^nd^, she presented with vomiting, abdominal pain and new-onset fever. Physical examination revealed no significant findings and her oxygen saturation remained \>95%. Laboratory tests revealed *de novo* lymphopenia, slight thrombocytopenia, as well as an increase in CRP, amylase, transaminases, LDH and GGT levels. CK at the time was normal. Urine sediment analysis had unspecific alterations. An abdominal ultrasound was performed the same day, with no significant liver or biliary findings. She was given paracetamol and metoclopramide, with symptomatic relief. Over the following two days, she presented with diarrhea and a new-onset dry cough.Table 1Laboratory data. \*Table 1AdmissionDay 16 after admissionDay 19 after admissionDay 21 after admissionDay 23 after admissionDay of discharge1 week post dischargeReference range †Lymphocyte count (per mm^3^)186068062010801550134016501000-4800C-reactive protein (mg/liter)0.944.8141.073.08.250.30.8\<5Ferritin (ng/mL)179527321616117938513-150Amylase (U/liter)10218917010613-53AST (U/liter)141014422795793160-32ALT (U/liter)167221614396201470-33LDH (U/liter)1733142750928339360213100-250Creatine kinase (U/liter)87,45636,80716105347226-192D-dimer (ug/mL)\<0.150.540.360.660.240.0-0.25Potassium (mmol/liter)4.23.84.24.94.43.53.5-5.1Creatinine (mg/dL)0.771.030.850.730.650.680.750.50-0.90

On May 5^th^, 19 days after admission, chest X-ray ([Fig. 1](#fig0005){ref-type="fig"} ) revealed a significant bilateral infiltrate with upper left lung consolidations. CT-scan ([Fig. 2](#fig0010){ref-type="fig"} ) confirmed the presence of diffuse bilateral ground-glass opacities with predominantly left lung nodular infiltrates in less than 50% of lung parenchyma and showed no evidence of structural pancreatic disease. Blood work revealed a marked increase in CK (87,456 U/liter), LDH (2,750 U/liter), ferritin (1,795 ng/mL) and Il-6 (80 pg/mL), as well as further increase in CRP, transaminases, GGT, amylase and lipase. Total bilirubin, troponin, urea and creatinine remained at normal values. There was no hyperuricemia, lactic acid increase, or arterial blood gas and ion changes. Serology for SARS-CoV-2 revealed antibody response (Positive IgG: 6.92 UA/mL, equivocal IgM). Acute cytomegalovirus and Epstein-Barr virus (EBV) infections, as well as human immunodeficiency virus (HIV) and hepatitis B (HBV) infections were ruled out. Nasopharyngeal swab was still positive for SARS-CoV-2 RNA.Fig. 1Chest x-ray on admission (A); 18 days after admission (B) and 24 days after admission (C).Fig. 1Fig. 2Lung CT scan 19 days after admission.Fig. 2

Other than paracetamol and metoclopramide, the patient had not been given any drugs and one month had passed since the last administration of paclitaxel. She also exhibited no muscle rigidity, hyperpyrexia, altered consciousness or autonomic instability that may have pointed to metoclopramide-induced malignant neuroleptic syndrome; nevertheless, metoclopramide was discontinued. She confirmed no personal or family history of rhabdomyolysis.

Considering the strong possibility of a cytokine-mediated response in the wake of post-chemotherapy immune reconstitution, immune-modulating therapy was proposed. According to internal guidelines, she was not eligible for tocilizumab and was administered 80 mg methylprednisolone once daily as well as hydroxychloroquine. She also received intravenous bicarbonate on the first day. In order to avoid worsening of lung disease, fluid administration was closely titrated to achieve neutral fluid balance.

Over the following 48 hours, the patient experienced marked relief of myalgia, asthenia and diarrhea. Her cough became less intense and her fever resolved. Blood work showed recovery of lymphocyte counts as well as decreasing CK (36,807 U/liter), LDH, CRP and liver enzymes. Lipase and amylase remained stable. Ferritin peaked at 2,753 ng/mL, beginning descent on the 3^rd^ day of methylprednisolone. Chest x-ray showed infiltrate improvement. It was then decided to wean off methylprednisolone (10 mg decrease every 3 days, switch to oral prednisolone after 20 mg, followed by a 5 mg decrease every 3 days) and to stop hydroxychloroquine after 10 days.

Further investigation of alternative causes for rhabdomyolysis revealed normal thyroid hormone levels and a negative auto-immune myositis panel.

The patient agreed to a deltoid muscle biopsy performed after 10 days of methylprednisolone treatment. No viral RNA was detected in the muscle sample and pathology revealed no inflammatory infiltrates or signs of muscle damage.

The patient was discharged on the 10^th^ day of corticosteroid treatment, having experienced no kidney damage or hypoxemia, with CK \< 500 U/liter; she resumed paclitaxel administrations 10 days later, with no complications.

Discussion {#sec0015}
==========

Rhabdomyolysis is a clinical syndrome characterized by the rapid breakdown and necrosis of skeletal muscle cells, resulting in the leakage of potentially toxic intracellular components into the extracellular fluid. This entity ranges in severity from a mildly symptomatic illness to a potentially life-threatening condition associated with extreme CK elevation, electrolyte imbalances, myoglobinuria, acute renal failure and disseminated intravascular coagulation. \[[@bib0020]\]

Rhabdomyolysis is most frequently a result of muscle trauma; other causes include muscle enzyme deficiencies, electrolyte abnormalities, drugs, toxins, endocrinopathies and infections. Viral infections in particular have a recognized association with skeletal muscle damage, with influenza being implicated in 33% of known viral-induced rhabdomyolysis, other common viral culprits include HIV, coxsackievirus and EBV. \[[@bib0020],[@bib0025]\] Rhabdomyolysis has also been reported, albeit infrequently, with highly pathogenic human coronavirus (hCOVs) infection, such as severe acute respiratory syndrome (SARS-CoV), Middle East respiratory syndrome (MERS-CoV) and SARS-CoV-2. \[[@bib0015],[@bib0030],[@bib0035]\]

Concerning SARS-CoV-2 infection, two cases of massive non-ischemic rhabdomyolysis have been reported. The first one was described in a Chinese patient with progressive pulmonary lesions who had been medicated with lopinavir and methylprednisolone (no information about dose was provided) due to non-abatting fever. He developed rhabdomyolysis (CK levels of 11,842 U/liter) on the ninth day of hospitalization and was treated with aggressive fluid therapy, alkalinization, plasma transfusion and gamma globulin, with clinical and radiological improvement. \[[@bib0040]\]

The other case took place in New York, USA, in a patient who was admitted for rhabdomyolysis (CK of 13,581 U/liter), later being diagnosed with COVID-19. This patient was initially subjected to aggressive fluid therapy, requiring diuretics after cardiac failure exacerbation. After developing acute kidney failure, he was treated with small fluid boluses, with kidney function improvement. He was also given hydroxychloroquine for 5 days. \[[@bib0045]\]

Pathogenesis of viral-mediated rhabdomyolysis is a source of much debate; in both cases, authors underline that a final etiology for rhabdomyolysis was not established and propose that several factors may have been involved. One possible mechanism involves direct viral muscle invasion, which has been demonstrated in a few studies of rhabdomyolysis in influenza A infection. \[[@bib0025]\] Viral toxin mediated cell lysis has also been cited as a possible inducer of rhabdomyolysis, however such toxins have yet to be identified. \[[@bib0050]\] Lastly, erroneous or exaggerated immune responses resulting in collateral muscle damage seem to play a major role in most virus-induced rhabdomyolysis cases, whether by immunological cross-reactivity or virus-activated "cytokine storm syndrome", referring to fulminant hypercytokinemia associated with multiorgan failure. \[[@bib0025],[@bib0055]\] In fact, a retrospective study of COVID-19 patients found that elevated serum ferritin and IL-6 correlated with nonsurvivors. \[[@bib0060]\] Unfortunately, levels of proinflammatory cytokines are rarely measured or presented in studies on viral-mediated rhabdomyolysis.

In our particular case, the sudden onset of fever, signs of multi-organ damage, rising ferritin as well as IL-6 levels, along with the evidence of a newly acquired antibody response in a patient who had recently been cleared of immunosuppressant drugs, suggested the presence of a systemic inflammatory reaction somewhat akin to immune reconstitution inflammatory syndrome.

Although the recommended treatment of rhabdomyolysis includes aggressive fluid administration to prevent kidney lesion, we decided to avoid overhydration in an attempt to prevent further lung injury, and initiated treatment with methylprednisolone.

Corticosteroids represent a cheap, widely available and familiar form of inflammation control, yet their role in the current pandemic has proven to be a source of much debate.

Early in the outbreak, general consensus seemed to be in opposition to corticosteroid use, referencing the lack of significant clinical improvement in other virus-related acute respiratory distress syndrome (ARDS) as well as the development of serious complications and impaired clearance of SARS-CoV-2 as reasons to recommend against corticosteroid treatment. \[[@bib0065]\]

Nevertheless, as the battle against SARS-CoV-2 wages on, new publications seem to contest these initial affirmations. Citing selection bias and confounders in observational studies as possible contributing factors to any observed increased mortality in patient groups treated with corticosteroids, a Chinese expert panel concluded that the judicious use of low to-moderate doses (≤0·5--1 mg/kg per day methylprednisolone or equivalent) for a short (≤7 days) period of time did not seem to increase mortality. \[[@bib0070]\] Other recent publications have commented on the lack of evidence linking delayed viral clearance to worsened outcome in critically ill COVID-19 patients, quoting support for corticosteroid efficacy from two large studies on H1N1 and SARS (n = 7,568). \[[@bib0075]\]

Wariness of corticosteroid use has been eased after the recent preliminary reports of the Randomized

Evaluation of COVid-19 thERapY (RECOVERY) trial on the use of dexamethasone in hospitalized patients with Covid-19. This study, comprising of 2104 patients assigned to receive dexamethasone *versus* 4321 receiving usual care, concluded that 28-day mortality was lower among patients requiring invasive mechanical ventilation or oxygen alone, and that the risk of progression to invasive mechanical ventilation was lower in the dexamethasone group than in the usual care group. \[[@bib0080]\] Although results of this study suggested no clear effect of dexamethasone among patients who were not receiving any respiratory support at randomization, it cannot be inferred that only patients with hypoxemia may benefit from corticosteroid use. In our case, administration of corticosteroids in the presence of radiologic evidence of lung disease and laboratory signs of a robust inflammatory reaction may have halted progression to hypoxemia.

As for the specific choice of corticosteroid, updated guidelines wishing to emulate the results of the RECOVERY trial will likely favor dexamethasone \[[@bib0085]\]; however, methylprednisolone's quicker onset, shorter duration of action and lower glucocorticoid activity compared to dexamethasone could provide a theoretical advantage, potentially lowering the risk of hypercortisolism and dysglycemia \[[@bib0090]\], a premise that warrants further investigation. Other than corticosteroids, treatment with cytokine inhibitors such as IL-6 or TNF-α receptor blockers is also being investigated. \[[@bib0095]\]

Conclusion {#sec0020}
==========

To our knowledge, COVID-19 associated rhabdomyolysis of this magnitude has not previously been reported. After excluding other possible causes, we can attribute this finding to SARS-CoV-2 infection. Among the various possible mechanisms for virus-induced rhabdomyolysis, the sudden rise in ferritin levels and elevated Il-6, the newfound antibody response, the quick response to 80 mg methylprednisolone as well as the absence of viral RNA detected in muscle biopsy support the initial assumption that rhabdomyolysis was not a result of direct viral-mediated damage, but rather a byproduct of a hyperactive immune response.

Although myalgia and weakness are common symptoms of COVID-19, clinicians should be aware that rhabdomyolysis may occur at any time of the disease course; as such, CK and myoglobin levels should be carefully monitored.

Regarding the treatment of this condition, we have found no reports of complete response to corticosteroids in the absence of aggressive fluid therapy. Moreover, we wish to point out that lymphopenia, inflammatory parameters and lung infiltrates subsided after initiating methylprednisolone, lending support to corticosteroid benefit in COVID-19 treatment despite the absence of hypoxemia.

Some limitations in our report are the timing of muscle biopsy, which may have affected the results; genetic causes for rhabdomyolysis were not completely ruled out, and the simultaneous administration of hydroxychloroquine may be a confounding factor in attributing clinical improvement to corticosteroid use; nevertheless, the aforementioned drug carries less immunomodulatory properties and corticosteroids have been successfully employed in the treatment of several rhabdomyolysis cases, including those derived from non-viral etiologies, such as alcohol-induced rhabdomyolysis. \[[@bib0100]\]
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